Background: The global burden of cancer is projected to increase from 13.3 to 21.4 million incident cases between 2010 and 2030 due to demographic changes alone, dominated by a growing burden in low-and middle-income countries (LMICs). Lifestyle risk factors for cancer are also changing in these countries and may further influence this burden.
ownership, altered social and family structures, and more sedentary daily activities and occupations. Open markets and more disposable income make LMICs attractive emerging markets for numerous products including tobacco and alcohol. Thus, lifestyle risk factors for cancer likely to undergo changes include smoking, alcohol consumption, and excess body weight, via changes in diet and physical activity, all of which are established carcinogens [4] [5] [6] [7] . The major contribution of these five factors, as well as four others (unsafe sex, air pollution, indoor smoke, and contaminated injections), already account, in 2001, for 35% of cancer deaths worldwide [8] .
Changes in cancer incidence rates that occurred among international migrants from low-to high-risk areas can be viewed to some degree as examples of what might occur on a much larger scale with Westernisation of lifestyles, i.e. a gradual convergence of cancer incidence rates towards that of the host population [9] . Migrants from Japan to Hawaii had higher rates of colon, breast, and prostate cancer than their counterparts in Japan. Furthermore, time trends are already apparent in societies in transition. A 56% increase in incidence of cancers occurred in the rural Qidong province of China between 1978 and 2002, being predominantly a demographic effect, as age-standardised incidence rates for all cancers combined showed a slight decline. However, there were heterogeneous patterns by cancer site with increases for colorectal, liver, lung, and breast cancers counterbalanced by decreases for stomach, oesophagus, and cervical cancers [10] . Similarly in India, rapid industrialisation and consequent socioeconomic transition over the past few decades have been accompanied by increased incidence rates for breast, ovarian, and uterine cancers and decreases for cervical, stomach, and oral cavity cancers [11] [12] [13] .
a focus on lifestyles of today's younger generation Tomorrow's cancer cases will arise from today's younger adult population: more than half of the cancers are diagnosed in 50-to 75-year-olds, thus cases occurring in 2030 are people aged 30-55 years today, those in 2050 will arise among today's 10-to 35-year-olds. With long latency periods and extended critical periods of exposure often occurring decades before disease onset, the current lifestyles of today's young-and middle-aged adults, if unchanged, will impact on their future cancer rates. Even a small population-level change in distributions of cancer risk factors has the potential to impact considerably on the absolute cancer burden as, in Geoffrey Rose's words [14] , ''a large number of people at a small risk may give rise to more cases of disease than the small number who are at a high risk''. We attempt to gauge the potential magnitude of changes in cancer incidence rates due to lifestyle shifts already under way in selected populous LMICs.
methods
We present examples of trends in lifestyle risk factors for cancer in LMICs and, given the magnitude of this change, combine it with published data on the strength of its association with affected cancer sites to estimate the factor-associated change in incidence rate. We considered tobacco, alcohol, (Table 1) [4] [5] [6] [7] . Additionally, for women we considered age at menarche, first birth, and parity because these factors are undergoing rapid changes worldwide and are risk factors for breast cancer, the most common cancer in women. We did not include the influence of unsafe sex for cervical cancer as human papillomavirus (HPV) vaccination and treatment of precancerous lesions could potentially break this link.
To estimate a specific risk factor-related change in cancer incidence rate between 2010 and 2030, a 20-year change in the factor's distribution at the critical period of exposure is required, e.g. by examining distributions in adults of 2010 compared with those of 1990. Data on such time trends over 20 years were obtained from repeated cross-sectional surveys. Exact sources are specified in the tables. We do not attempt to estimate the global changes. Instead, examples from highly populous LMICs are presented.
For continuous risk factors, changes in population means were extracted (say d units). If a single unit increase in the risk factor had a relative risk of R for a specific cancer site, then the relative risk associated with change in the risk factor was calculated as R d , and the percentage of increase in cancer incidence as 100 · (R d 2 1). Estimates of relative risks for a particular risk factor-cancer site association, quoted in Table 1 , were taken from the International Agency for Research on Cancer (IARC) monographs and a recent meta-analysis for tobacco [6, 23, 24] ; for alcohol from IARC monographs, a meta-analysis, and pooled collaborative analyses [4, [15] [16] [17] ; for body mass index (BMI), estimates were taken from a meta-analysis of prospective studies by Renehan et al. [18] or from the Million Women's Study in the UK [19] . Relative risks for breast cancer risk factors were obtained from Rosner and Colditz's [21] model based on the Nurses' Health Study, and for breast-feeding and parity from the Oxford collaborative pooling of worldwide data [22] . Inherent to their use is the assumption that these relative risks are applicable to other settings (discussed later). As stages of the smoking epidemic and its related mortality burden are well documented [25] , for tobacco we summarise the stages different countries are at and provide a single example of the possible epidemic facing China.
results Table 1 shows, for tobacco, alcohol, and body size (as measured by BMI, weight/height 2 in kg/m 2 ), a summary of the magnitude of their relative risks for major affected cancer sites and the percentage of new cancer cases in 2008 that were of these sites, by sex in LMICs and more developed countries. Notably, for each risk factor, multiple cancer sites are affected and these sites already constitute a large proportion of cancer cases in LMICs. tobacco Outstandingly, the most important lifestyle risk factor for cancer is tobacco exposure in all its forms (smoking, including second-hand smoke, and smokeless), owing to its strong effect on multiple sites. Its impact is already evident with lung cancers constituting one in six cancers in men in both more and less developed countries and between 1 in 10 and 1 in 12 in women (although absolute incidence rates are currently approximately half in less than in more developed regions). Lopez et al. [25] have described four stages of the cigarette epidemic already experienced in developed countries, characterised by increasing (stages I and II) and then declining (stages III and IV) smoking prevalence in men, which is followed by a similar tobacco-related mortality trend 20-30 years later. For women, similar but less amplified trends occur 10-20 years after men.
Using the most recent data on adult smoking prevalences from the World Health Organisation (WHO) Global Health Observatory, in Figure 3 are the smoking prevalences in men plotted against those in women, for selected countries spanning the world. In the bottom left-hand corner (stage I) with low smoking prevalence in both men and women is subSaharan Africa. Moving upwards towards higher smoking rates in men and slightly raised in women (stage II) are most North African and Asian countries. At stage III, with high smoking prevalence in both men and women, are most Eastern European countries, and at stage IV are Western European countries.
If the historical experiences of the tobacco epidemic in developed countries are echoed in LMICs, we can envisage future cancer trends. As an example, we map China's recent lung cancer mortality rates in men on to similar historical data from Scotland over the past decades (Figure 4 ). In 2000, the lung cancer mortality rate in Chinese men was 36 per 100 000, i.e. the rate experienced by Scottish men in 1950 when, similarly, >60% of men smoked ( Figure 4A ). The lung cancer epidemic unfolded in Scotland subsequent to its smoking epidemic, peaking some 40 years later. If China were to follow similar trends, the male lung cancer death rate would be 84 per 100 000 in 2030, i.e. an annual percent change (APC) of 3% over the next 20 years ( Figure 4A ). China may experience a lower peak, such as observed in Spain, with a 2% APC over the next 20 years. With APCs of 2%-3%, combined with more than a doubling of the >55-year-olds between 2000 and 2030 ( Figure 4B ), expected absolute lung cancer deaths in Chinese men would increase from 0.22 million in 2002 to between 0.8 and 1.1 million in 2030 ( Figure 4C ). Other Asian and African countries may follow similar trends in subsequent decades, but hopefully, effective tobacco control measures will be implemented to mitigate the burden.
Although tobacco smoking affects lung cancer most dramatically, if the smoking epidemic continues, increases in cancers of the stomach, liver, and upper aerodigestive tract (UADT), already common in some LMICs, may also be considerable and the magnitude of their effects will depend on interactions with other causes such as with hepatitis B/C and aflatoxin, major risk factors for liver cancer in Asia and Africa. 
body size
Excess body weight increases the risk for several cancers (listed in Table 1 and obtained from a comprehensive meta-analysis of 221 prospective studies [18] ). Although not a strong risk factor for any particular site, a small effect combined with the growing obesity epidemic worldwide has the potential to have a large impact on the total cancer burden [29] . Its detrimental impact is evident in Europe where 4.1% of cancers in women and 2.5% in men are attributable to BMIs >25 kg/m 2 [30] . In LMICs, point prevalence (%) of obesity (BMI >30 kg/m 2 ) is higher in women than in men, e.g. 2.0% versus 1.7% in women versus men in India, 8.1% versus 3.0% in Nigeria, 24.5% versus 12.4% in Brazil, and similarly 4.1% versus 3.6% in China [27] . Rising levels of obesity have occurred worldwide during the past 20 years (Table 2) . Using summaries from a meta-analysis modelling of worldwide survey data on BMI in developing countries [28] , estimated regional trends in BMI from 1960 to 1990 suggest that China experienced the largest increase in BMI, an increase of 3 kg/m 2 in both men and women (Table  2) . Such increases in BMI would translate to increases in sitespecific cancers (Table 2 ). In men, highest relative increases would be in colon and kidney cancers (a 3 kg/m 2 increase in BMI leading to 14% rise in incidence rates for both), with between 3% and 5% for pancreas, non-Hodgkin's lymphoma, and leukaemia. Absolute increases would be largest for colon cancer, it being more common. In women, in addition to the above sites, endometrial cancers and breast cancer in postmenopausal women would increase-up to a 7.5% increase in postmenopausal breast and 35% in endometrial cancers associated with a 3.2 kg/m 2 increase in BMI, the magnitude of change in China. The obesity epidemic may lead to a shift in distribution by histology of oesophageal cancer-increasing BMI may reduce squamous cell carcinomas, currently the most common histology in LMICs, but give rise to more oesophageal adenocarcinomas. For all cancers combined, the effect of BMI will depend on the setting; in the Asia-Pacific Cohort Studies Collaboration Asian cohort study and the Million Women's Study (UK), a 5 kg/m 2 BMI increase was associated with a 9% and 5.8% increase in cancer mortality, respectively.
The obesity epidemic arises due to an altered balance between dietary intake and physical activity, evolving factors that themselves incorporate independent risk factors for cancer. Specific dietary constituents causally related to cancer are review Annals of Oncology difficult to identify, but so far include the protective effect of fruits and vegetables (3% reduction per 100 g/day), salt intake as a risk factor for stomach cancer, and red or processed meat for colon cancer [31] . Reduced physical activity levels are associated with increased risks for breast and colon cancers [7] . Several rural-urban cross-sectional studies demonstrate lower levels of physical activity in urban areas (e.g. Peru, South Africa, and India [32] ).
reproductive factors in women and breast cancer Age-standardised breast cancer incidence has increased in all regions of the world in the past few decades [33] . This neoplasm has a strong hormonal aetiology and reproductive events in a woman's life are important determinants of risk as they influence the cumulative exposure to sex steroids and these factors are changing with modernisation. Of particular relevance, younger menarche, later age at first full-term pregnancy, and low parity increase breast cancer risk at postmenopausal ages ( Table 1 ). The downward secular trend in age at menarche that occurred in the United States, Canada, and Europe [34] is also being observed in recent studies from transition countries, e.g. in China [35] , Brazil [36] , and India [37] . The decline in mean age at menarche between birth cohorts 30 years apart (calculated from linear trends provided) ranged between 0.4 and 1.1 years (Table 3) . One Chinese study suggests a drop of 1.1 years in the mean age at menarche over a 30-year period; such a drop would be associated with a 5% increase in breast cancer incidence rates. Additional increases in breast cancer incidence will occur due to the postponement of childbearing and having less or no children, which were part of family planning policies in China but have also occurred in nearly all of the countries shown in Table 3 . The associated increase in breast cancer incidence due to the decline in parity of between 1 and 2.5 births for the included countries is between 8% and 20%, being larger than the increase (<4% in most settings) due to delayed childbearing. Breast-feeding a child for 1 year provides a 4.3% reduction in breast cancer risk for the mother, independent of the protective effect of the pregnancy itself [22] . With declining parity, lifetime duration of breast-feeding will also decrease, although this will be tempered if, as encouraged in many LMICs, duration of breastfeeding per child is lengthened. Time trends in per child duration of breast-feeding vary between LMICs-they have increased in most countries of Latin America [38] but decreased in China and several other Asian countries. Many lifestyle changes concur during modernisation; thus, if the younger adult generation has a 1-year delay in menarche, two less births, and average age at first birth a modest 2 years older than the previous generation, these changes would combine to produce a 25% increase in breast cancer incidence, an increase that would be worsened at postmenopausal ages if trends of higher BMI are not reversed.
discussion
Many of the factors responsible for the largest international variations in cancer incidence rates are known and these factors are shifting; their associated impact on cancer needs to be made on a setting-by-setting basis, as changes vary between locations, ethnic groups, and gender. Nevertheless, as demonstrated here, some global trends exist in LMICs-notably the rise of excess body weight, worse in women in some settings, and important because of its effect on multiple cancer sites; increasing tobacco and, with religious-cultural variations, alcohol consumption, particularly among men. For the most part, the cancer sites affected by tobacco, alcohol, and body size did not overlap greatly, with a few exceptions. Notably, cancers of the UADT, colon, and breast are affected by multiple lifestyle risk factors likely to change in detrimental directions; thus, prevention measures are particularly needed for them, as well as preparedness for early diagnosis and treatment. Indeed, these sites were among those with increased incidence in both migrant studies and recent trends in incidence data from China and India. Whether a future obesity-related cancer burden is realised will depend greatly on competing risks and survival from other affected chronic diseases-cardiovascular disease and diabetes in particular. Similarly for alcohol, multiple competing risks of mortality from, for instance, accidents and violence, alcohol poisoning, and acute ischaemic heart disease will affect whether individuals survive to be at risk for cancer. But even in Russia with its recent steep rises in excessive alcohol consumption, increases in mortality from cancers of liver and UADT occurred as well as those from more immediate causes [39] .
In the approach taken here, we assumed that the impact of risk factors (and the strength of impact) obtained from the most comprehensive review of epidemiological evidence would be appropriate, but these estimates are driven by evidence from more developed countries where the majority of research has been conducted. Risk factors may have different magnitudes of effects across settings if, for instance, the nature of the exposure itself differs (different chemical constituent of exposure, e.g. types of tobacco smoked), there are different patterns of use (intensity, duration of use, and age at commencement of exposure) or interactions with other environmental or genetic factors. As lifestyles change, if multiple changes occur in the same people, then the precise nature of the effect of joint exposures needs to be well characterised. For example, the effect of alcohol consumption on liver cancer is stronger in overweight individuals than in those within the normal BMI range [40] . Further research is needed in LMICs to confirm, or otherwise, whether effects are similar both in direction and in magnitude. For the effects of obesity, the informative metaanalysis by Renehan et al. [18] that included studies from North America, Europe, Australia, and Asia-Pacific demonstrated that cancer risks associated with obesity were on the whole consistent by geographic location. One exception to this is the effect of premenopausal obesity-being protective in women in all regions (mostly Caucasian women) except for Asia-Pacific. Clarification of its role, given the rising obesity epidemic and a large number of women potentially at risk, is needed. Furthermore, there is a notable lack of studies from major LMICs of Latin America and Africa.
prevention prospects
A focus on the lifestyles of the younger adult generation-the current population from which future cancer cases will arise-is useful not only to project cancer trends but also to gain information on priority risk factors that need to be tackled today at the forefront of cancer control and research agendas for both prevention and resource planning purposes. Prevention, the ideal target in reducing the cancer burden, comprises reversal or halting of time trends in populations, protection of groups that have not experienced them, and encouragement of risk factor modifications in individuals with raised risks, if such modifications lead to risk reduction. Quitting smoking reduces risk with benefits realised immediately [41] . Cessation of alcohol drinking has beneficial effects for risk of cancers of the UADT, and risk returns to that of non-drinkers after several decades [42, 43] . For BMI, diet, and physical activity, most studies relate adult status to subsequent cancer risk, but fewer studies have examined changes along the life course to identify critical periods of exposure and to examine whether reducing an individual's BMI later in life can lead to a real risk reduction, or alternatively, whether it is too late for such changes to be beneficial. Greater insight into the stage of the carcinogenic process affected by these factors, insights possibly gained through the use of intermediate biomarkers along the disease process, will help determine their effects. Repeated measures of relevant lifestyle factors at different points in a lifetime, ideally obtained prospectively, are needed to assess the potential reversal of increased risks. With obesity currently impacting at young ages, early-life lifestyles affecting growth and development are also crucial, as argued by Uauy and Solomons [44] and evidenced by the higher overall cancer rates in people of taller stature [45] .
The outlook for breast cancer is of particular concern as this is already the most common cancer in women and increases appear inevitable given societal changes. Prevention prospects are also more challenging as the strongest risk factors, age at first birth and parity, are not commonly considered as easily amenable or desirable to change within the role of women in many of today's societies. Prevention in future generations must therefore focus on more realistically modifiable factors-a tackling of childhood obesity, which is leading to early menarche; reduction in alcohol consumption; encouragement, acceptance and possibilities of breast-feeding within a woman's work, society and cultural environment, maintenance of a normal BMI at postmenopausal ages; and increasing levels of physical activity.
Although many lifestyle factors are changing in directions that will worsen the future cancer burden, some of these may be counter-balanced by reductions in infection-related cancers, depending on the implementation of various known effective interventions such as cervical screening and HPV vaccine for cancer of the cervix uteri, hepatitis vaccination and aflatoxin control in liver cancer, and Helicobacter pylori treatment for stomach cancer. However, they will not diminish the lifestyle-related projected increases in cancers of the lung, colon, and breast in particular. Failing to curtail the projected cancer pandemic, the planning of diagnosis, treatment, and palliative care services to meet this burden is urgently needed to stem its associated mortality burden-an acute problem in some LMICs where such services are lacking, such as in parts of Africa. Sankaranarayanan and Boffetta [46] have recently highlighted the research priorities needed for prevention, early detection, treatment, and palliative care for cancer in LMICs. Crucially, they emphasise the need for research into interventions and solutions that are appropriate, feasible, affordable, and achievable in a given setting. 
